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What	is	fire	retardant	made	of?[1]	
•  Ammonium	salt	
•  Water		
•  Thickening	additive	
•  Color	agents	
•  Corrosion	inhibitors	
What	are	the	ecological	impacts?	
•  Contaminate	water		
•  Kill	fish	
•  Fertilize	noxious	plants	
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Aerial	Fire	Retardant	Use	on		
National	Forest	System	Lands	[2]	
Methods	
Instruments	
•  Proton-Transfer-Reaction	Time-of-Flight	Mass	Spectrometer		
•  LI-COR	CO2	Analyzer	
Materials		
•  LC-95A-R	(Phos-Chek)	
								-	Ammonium	polyphosphate	
								-	Red	iron	dioxide	
•  Ponderosa	pine	needles	
Three	Burning	Experiments	
•  Fire	retardant	+	pine	needle	
•  Pine	needle	only	
•  Fire	retardant	only	
	
Emission	Factor	(g/kg)	
The	mass	of	compound	emitted	per	mass	of	dry	fuel	burned		
	
	
	
Calculate	Firefighter	Exposure	to	VOCs	
Firefighters	are	exposed	to	average	carbon	monoxide	(CO)	
concentration	of	54.3	ppm[3]	(permissible	exposure	limit	is		
35	ppm[4])	
VOC	Exposure	=		
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•  Fire	retardant	has	high	emission	factors	of	ammonia	and	some	
VOCs	
•  Applying	fire	retardant	to	wildfires	can	increase	ammonia	
emissions	
•  Burning	both	fire	retardant	and	biomass	together	may	
enhance	firefighter’s	health	risks	
Ammonia	NH3	
Health	impacts:	(Short	exposure)	coughing,	nose,	throat,	skin,	and	
eyes	irritation.		
(Long	exposure)	burning	of	the	nose,	throat,	and	respiratory	tract.	[5]	
Workplace	Exposure	Limit:	35	ppm	(15	minutes)[6]	
Isocyanic	acid	HNCO	
Health	impacts:	irritation	of	the	nose,	throat,	and	lungs.	Causing	
coughing,	shortness	of	breath,	itching,	skin	rash,	liver	damage	and	
kidneys	damage.[7]	
Workplace	Exposure	Limit:		
no	exposure	limit[7]	
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Result:	Exposure	
Estimate	the	Emission	from	Bitterroot-Lolo	NF	Fire	in	2016	
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Bitterroot-Lolo	NF	Fire	Emission	in	2016	
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Formaldehyde:	CH2O	
Health	Impacts:	(Short	exposure)	burning	sensation	on	the	eyes,	
nose,	and	throat.	Nausea	and	skin	irritation.		
(Long	exposure)	cause	certain	types	of	cancer.[8]	
Workplace	Exposure	Limit:	0.75	ppm	(8	hours)	2	ppm	(15	
minutes)[9]	
Benzene:	C6H6	
Health	Impacts:	(Short	exposure)	drowsiness,	rapid	heartbeat,	and	
headache.	(Long	exposure)	a	decrease	in	red	blood	cells,	and	
leukemia.[10]	
Workplace	Exposure	Limit:	1	ppm	(8	hours)	5	ppm	(15	minutes)[11]	
Fire	Retardant	Used:	
3,384,224	kg		
	
Burned	Fuel	Mass:	
610,902,519	kg	
EFVOC =
(VOC)smoke − (VOC)ambient
(CO2 )smoke − (CO2 )ambient
×
MWVOC
MWCO2
× EF CO2
Figure	1.	Aerial	application	of	fire	retardant	
Objectives	
•  Compare	emission	factors	of	fire	retardant	burning	and	
biomass	burning	
•  Estimate	ammonia	and	VOC	emissions	from	a	wildfire	
•  Investigate	health	impacts	of	fire	retardant	on	firefighters	
Figure	2.	Aerial	fire	retardant	use	on	national	forest	system	
land	between	2012	and	2016	
Figure	3.	Experimental	device	for	measuring	the	emission	
Figure	4.	Comparing	the	emission	factors	of	fire	retardant	burning	and	biomass	burning	 Figure	5.	Estimating	the	emissions	of	ammonia	and	VOCs	based	on	the	emission	factor	in	Figure	4	
What	are	Volatile	Organic	
Compounds	(VOCs)?	
•  Gaseous	organic	molecules	
found	in	the	atmosphere	
•  Harmful	to	humans	and	
plants	
•  Increase	ground-level	ozone	
	
Left:	LC-95A-R	
Right:	PTR-ToF-MS	setup	
Bottom:	Pine	needle	and	
fire	retardant	on	quartz	
boat	
